We describe the synthesis and characterization of novel phosphorothloate-methylphosphonate backbonemodified ollgodeoxynucleotide co-polymers. These may have potential use as antlsense constructs.
INTRODUCTION
Oligodeoxynucleotides and their analogs are potential antisense inhibitors of selected gene expression (1) . Both phosphorothioate (PS) (2) and methylphosphonate (PM) (3) were developed for these applications. Recent studies describe the properties of a series of phosphodiester-methylphosphonate (4, 5) , and phosphorothioate-phosphodiester (6) co-polymers. However, synthesis of phosphorothioate-methylphosphonate co-polymers have not been reported. They may possess beneficial characteristics as antisense effectors.
Chimeric oligodeoxynucleotides with several terminal PM linkages and a central core of phosphodiester (PO) bonds have been described (5) . These showed significantly reduced nonspecific RNase H-dependent activity and increased specific antisense activity compared to the all-PO oligomers. The ability to synthesize co-polymers of [PS-PM] should additionally protect such co-polymers from endonucleases (7, 8) , and result in interesting properties due to charge/neutral alternation and block arrangements. It should also be noted that PM backbone analogs do not activate RNase H (3,4) while PS, like PO, do (6) . These type of co-polymers might demonstrate enhanced cellular uptake of oligodeoxynucleotides (9, 10) , that might be capable of highly efficient and specific direction of RNase H degradation of the target mRNA, and as such may provide important guidelines for the future design of antisense effectors.
The combination of [PS-PM] backbone groups is novel. The question is whether these chimeras will have properties that are preferable to either the all-PS or all-PM homo-oligomers. [PS-PM] copolymers have not been studied previously because of the unavailability of established synthesis and purification procedures. Hence, we now report the use of the nucleoside methylphosphonamidite in automated solid phase oligonucleotide synthesis in combination with phosphoramidite followed by sulfurization, and with the average coupling efficiency of greater than 97%.
EXPERIMENTAL

Synthesis
Oligodeoxyribonucleosidemethyphosphonate-phosphorothioates were synthesized on a 1 /imol scale using an Applied Biosystems Model 38OB DNA synthesizer that employed conventional /3-cyanoethylphosphoramidite reagents and the corresponding methylphosphonamidite (Applied Biosystems Inc., or Genta Inc.) The manufacturer's recommended protocols and standard chemistry cycle for the /S-cyanoethyl reagents were also used for the methylphophonamidites, except for the inclusion of anhydrous MAf-dimethylformamide (20% v/v) as a co-solvent with acetonitrile for dissolution of the dG methylphosphonamidites. Phosphorothioate linkages were generated by using tetraethylthiuram disulfide (TETD) as the sulfurization reagent (11) . Following the completion of the synthesis, the support was washed with dry acetonitrile and then dried in a vacuum desiccator. The dried solid-support was treated with fresh distilled anhydrous ethylenediamine and ethanol (1:1 v/v, 2 mL) at room temperature for 4-5 hr (12). The resultant solution was transferred to a test tube and combined with an 50% ethanol/CH 3 CN wash (3 mL) of the solid-support. Co-polymers were neutralized to pH 7 by 6 N HC1 in 20% acetonitrile/water and then dried under speed vacuum, desalted on a P-2 gel column (H 2 O:CH 3 CN=80:20), dried under speed vacuum at room temperature, and re-dissolved in 50% CH 3 CN/H 2 O to yield a solution ready for HPLC analysis.
HPLC methods
Co-polymers were purified via reverse phase HPLC on a preparative (21.5x250 mm) PRP-1 column, with 0.1 M triethylammonium acetate buffer (pH 7) acetonitrile (A= 95%TEAA in 5% CH 3 CN, B=TEAA in 50% CH 3 CN, flow rate= 6 mL/min). We generally remove the final dimethoxytrityl group automatically for co-polymer synthesis. 5'-dimethoxytrityl-containing all-PS and -PO oligonucleotides were purified on a preparative ( 21.5x250 mm) PRP-1 column (A=TEAA in 20% CH 3 CN, B=TEAA in 40% CH 3 CN in 35 min, flow rate= 10 mL/min). The fractions were combined and evaporated to dryness. Detritylation was accomplished with 1 mL of 3% acetic acid (7 min) and the solution was extracted with two equal volumes of ethyl acetate. After speed vacuum drying the compounds were desalted on a P-2 gel column. The oligonucleotides were dissolved in water, whereas the copolymers were dissolved in 25% acetonitrile and their concentrations were determined from their optical density at 260 nm.
Melting temperatures
All duplexes were formed by dissolving equimolar ratios of oligonucleotide and its complementary strand in 10 mM NaH 2 PO 4 containing 10 mM NaCl or lOmM NaH 2 PO 4 (pH 7). Abbrev.
•All contain 67% purine for 15mers and 29% purine for 17mers *1 mg/mL All duplexes were pre-melted at 75 °C to destroy secondary structure and then allowed to thermally equilibrate. Each melting curve is composed of a minimum of 1 °C individual temperature points. Melting temperatures were determined by monitoring the changes in absorbance of the duplex at 260 nm over a range of 10-75°C with a stepwise increase of 1°C in a programmable Gilford Response n spectrophotometer. Values of Tm were determined from the maxima of the first-derivative plots of absorbance versus temperature.
NMR measurements
NMR spectra were recorded on a Varian XL-400 Spectrometer at 162 MHz for 31 P at 22°C. The numbers of scans were 1,000 to 5,000. Integration was performed using the Varian program. PM and PS co-polymers were dissolved in 25% CD3CN/D2O. Chemical shifts are reported relative to external standard of 85 % phosphoric acid with some D2O added to provide a lock signal.
RESULTS AND DISCUSSION
Co-polymers containing [PS-PM] are conveniently prepared on solid polymer supports using methylphosphonamidite and phosphoramidite synthons. Syntheses were carried out in an automated DNA synthesizer with appropriate modification of the synthesis cycles for the incorporation of both synthons. Several [PS-PM] co-polymers were synthesized, deprotected, and analyzed (Table 1 ). Co-polymers containing different orders of blocks of PS and PM linkage were used in this study together with diree homo-polymers (all-PO, all-PS and all-PM). In other preparations a 17-mer antisense to the coding region of the /3-globin gene (6) was also synthesized with alternating PS/PM backbones ( Table 1) .
The 31 P NMR spectra of the co-polymer 15-mers consist of two downfield shifted peaks at 56 and 36 ppm respectively ( 1). The signals of all-PS and all-PM corresponded to 56 and 36 ppm, respectively. Their purity was assessed by gel electrophoresis and analytical HPLC using a C-18 column. In preparative HPLC, the co-polymers gave a single broad peak at 24 min, compared to 18, 24 and 26 min for the three homopolymers (all-PO, all-PS and all-PM) (3, 6, 8) . All co-polymers in electrophoretic conditions showed a single band on the 15% polyacrylamide gel, suggesting their purity and uniformity of size (Fig. 2) . However, it was observed dial these co-polymers are also stable after having been kept for at least 3 months at 4°C with no noticeable degradation.
The duplex stability of the oligonucleotides 15A, 15B and 15C were determined with complementary DNA (Fig. 3) . Melting temperatures of the duplexes are shown in Table 2 . The Tm's for these block co-polymers are higher than the all-PS compounds. The alternating co-polymers of PS and PM (Fig.  4) gave the same Tm (50.5°) as the all-PS 17-mer under die same experimental conditions (6) . We have also tested the solubilities of tiiese co-polymers by using water and then increasing proportions of acetonitrile. The data in Table 3 indicates that the 15-mer co-polymers (all containing 67% purine) are relatively more soluble dian the all-PM 15-mer. It was observed that the solubility of this particular all-PM oligomer is increased to a certain extent widi increasing temperature.
The foregoing results show that the [PS-PM] block co-polymers have higher Tm's compared to the all-PS analogs, and increased solubility compared to the all-PM. [PS-PM] co-polymers may have improved endonuclease activity compared to the [PM-PO] co-polymers (5, 8) and these compounds might extend the range of useful antisense co-polymer applications.
